"Campylobacter pyloridis" has been recently described as a gastritis-associated bacterium. We studied 20 strains. The bacteria had most of the characteristics of Campylobacter spp. strains. They were hippurate negative and tolerant to triphenyl tetrazolium chloride (at 0.4 and 1 mg/ml). They grew on all the media commonly used in laboratories, although chocolate agar was the most effective for isolation. They grew in a microaerophilic atmosphere as well as in an atmosphere enriched in C02 and when incubated at 37°C but not at 30 or 42°C. A total of 31 enzymes were present among the 78 studied. y-Glutamyl-transpeptidase activity was, in addition to urea hydrolysis, an interesting feature for the identification of these bacteria. The protein profiles of the 20 strains were similar.
Campylobacters have emerged these last few years as bacteria of great concern in the gastrointestinal tract of humans. Campylobacter jejuni was recognized first as a major cause of intestinal infections worldwide, and, more recently, campylobacterlike organisms (CLO) have been found: "Campylobacter fenneliae" and "Campylobacter cineadi" are associated with homosexual proctitis (25) ; another campylobacter designated as gastric CLO (18) pyloric campylobacter (12) , "Campylobacter pyloridis" (13) or "Campylobacter pylori" (6) , has been associated with gastritis and peptic ulcers. Few data are presently available concerning this bacterium. The aim of this study was to characterize the organism, in particular by using growth characteristics, enzymatic profile, and protein content.
MATERIALS AND METHODS
Strains. We tested 20 strains. They were all isolated from gastric antrum biopsies performed with an Olympus fibroscope on adult patients with upper gastrointestinal tract problems. The fibroscope and forceps were disinfected after each use and were treated with 2% glutaraldehyde daily. The biopsy fragment was conserved in saline solution in a sterile container at 4°C and was inoculated within 4 h.
The fragment was dissociated in 0.5 ml of brucella broth and inoculated on chocolate agar (BioMerieux, Marcy l'Etoile, France), brucella agar (Difco Laboratories, Detroit, Mich.) enriched with 10% sheep blood, and on the same medium containing Skirrow's selective supplement (Oxoid, Basingstoke, United Kingdom). All the plates were incubated in a microaerophilic atmosphere (Gas Generating Kit, Anaerobic System Oxoid; in an anaerobic jar without catalyst) for 6 to 7 days.
The strains were maintained thereafter by passage every 3 to 4 days. We were able to passage the strains more than 30 times. As (Gas Generating Kit, Carbon Dioxide System Oxoid), and under anaerobic conditions, and (iii) at 37°C under microaerophilic conditions on tryptic soy agar with 5% sheep blood, Mueller-Hinton agar with 5% sheep blood, Columbia agar with 5% sheep blood (all these media were from BioMerieux), Wilkins-Chalgren medium (Oxoid) with 10% agar and 5% sheep blood, brain heart infusion (Institut Pasteur Production) with 10% agar and 5% sheep blood, charcoal agar (Oxoid) with 10% sheep blood, and brucella broth (Difco).
Five strains were also passed through a membrane filter (0.65-,um pore size; Millipore Corp., Bedford, Mass.) and plated on brucella agar to see whether this technique could be used to select strains.
Growth was recorded after 4 days (except for growth at 30°C [7 days] The strips were incubated at 37°C in air for 18 h, and reagents A (2.5 g of Tris, 1.1 ml of 37% HCI, 1 g of lauryl sulfate, 10 ml of distilled water) and B (35 mg of fast blue BB, 10 ml of 2 methoxyethanol) were added. Reading was performed after 10 min. The results were recorded as either mild or strong enzymatic activity.
Every strain was tested twice on different days, and discordant results were verified.
Electrophoresis: preparation of protein samples. A washed pellet of the strains grown 4 to 6 days on brucella agar with 10% sheep blood under microaerophilic conditions at 37°C was suspended in 0.5 ml of sodium dodecyl sulfate buffer, consisting of 50 mM Tris hydrochloride (pH 6.8), 5% -mercaptoethanol (vol/vol), 1% sodium dodecyl sulfate (wt/vol), 15% glycerol (vol/vol), and 0.01% bromophenol blue. The homogenate was heated for 5 min in a boiling water bath. Insoluble debris was removed by centrifugation at 10,000 x g for 5 min at 20°C. Supernatants were stored at -20°C before testing.
The sodium dodecyl sulfate-polyacrylamide gel electrophoresis system consisted of a separating gel containing an exponential 15 to 20% acrylamide gradient with an upper stacking 5% acrylamide gel as described by Laemmli (9) . Electrophoresis was performed at room temperature for 24 h at 90 V. A silver stain was used (17) . RESULTS
For isolation, chocolate agar was more effective than brucella agar. All the strains grew on this medium, and the rapidity of growth was better than on brucella agar.
Classical tests. All the strains were gram-negative rods, sometimes spiral or "ox bow" shaped (Fig. 1) . The halo around the organisms is an artifact. The organisms were large compared with the other Campylobacter species (size, 3 to 5 by 0.5 Jxm), and their motility was weak or absent when they were grown on agar. The cells were either lophotrichate or monotrichate, although the two forms were often found in the same strain. Successive examinations of the same culture showed coccoidal transformation more than 7 days after isolation and 2 to 3 days after a number of passages.
The strains were oxidase and catalase positive and sensitive to the vibriostatic compound 0129, and they did not hydrolyze hippurate. They did not produce H2S in FBP medium, although we observed a blackening of the lead acetate paper. They were tolerant to triphenyl tetrazolium chloride at 0.4 and 1 mg/ml; they did not reduce triphenyl tetrazolium chloride but gave a typical metallic aspect after 4 days. They were also tolerant to 0.1% sodium selenite and, to a lesser extent, to 1% glycine but not to 8% glucose and 3.5% NaCl. All but one strain hydrolyzed urea in both media. In Christensen medium, the color change was usually observed after less than 10 min.
Growth characteristics. The strains grew in an atmosphere enriched in C02 and in a microaerophilic atmosphere but never in air or under anaerobic conditions. The colonies were 0.5 to 1 mm in diameter and were weakly hemolytic on 10% blÔQd agar. They grew poorly at 30°C (8/20) The following enzynsi were always negative: aryla- Protein profiles. The protein profiles were similar from one strain to another (Fig. 2) and different from the profiles obtained with reference strains of Campylobacter spp. and representatives of the CLOs (data not shown). A total of 30 to 35 bands were observed. There were seven major protein bands (molecular weights: 74,000, 64,000, 58,000, 43,500, 21,500, 17,000, and 12,000) always present and little variation among the minor bands. DISCUSSION Much interest has resulted from the discovery by Warren and Marsiiall of a CLO on the surface of gastric epithelium (11, 26) . This finding not only changed our knowledge of the microflora of the stomach, which was thought to be sterile, but also, because of the association of this bacterium with gastritis and possibly peptic ulceration, opened a tremendous field for investigation. In the past, these organisms had been observed, but culturing techniques were lacking (1, 19) . We have been concerned with studying the characteristics of "C. pyloridis." Morphologically, this bacterium has three particularities when compared with the other campylobacters: size, after having grown on agar, which is much larger (13); flagellar arrangement, which can be lophotrichate (13, 23) or monotrichate (21); and frequent presentation as an ox bow-shapeç bacterium. Similar to the other campylobacters, it was mainly spiral shaped and became coccoid in' old cultures (1(, 13, 14) .
These bacteria grew on most of the blood media commotdly used in a microbiology laboratory, such as tryptic soy, Mueller-Hinton, brucella, Wilkins-Chalgren, brain heart infusion, and chocolate agar. However, the last one is the most recommended for isolation if only one medium is used. Coluinbia agar and charcoal medium did not permit good growth of the organism; Kasper and Dickgiesser (7) noted no growth on Columbia agar. We were not able to grow these bacteria in a broth medium, as noted by others (5, 7, 16 (10) . These discrepancies are difficult to explain; differences between isolates of different geographical areas possibly exist. Concerning the incubation atmosphere, there is agreement for 5% 02 or an atmosphere enriched in C02, aerobic and anaerobic conditions being unsuitable.
These bacteria are oxidase and catalase positive (5, 7, 10, 13, 16) , hippurate negative (8, 10) , and H2S positive in the lead acetate paper test (10, 13) . We found them to be tolerant of triphenyl tetrazolium chloride (0.4 and 1 mg/ml), sodium selenite (0.1%), and glycine (1%), for which Kasper and Dickgiesser did not obtain uniform results (7) . All the strains possessed the three enzymes that we found in all 270 strains of the campylobacters and CLOs tested (Z. El Harrif and F. Megraud, submitted for publication): esterases of butyric and valeric acid and L-phenylalanine-L-proline arylamidase. Alkaline phosphatase was always present in "C. pyloridis" as described by Langenberg et al. (10) , but another salient feature was the presence of -y-glutamyl-transpeptidase in all the strains. We also found this enzyme in some strains of C. jejuni but in no other Campylobacter species or CLOs. This characteristic could be helpful in the identification of "C. pyloridis." The other interesting property of the bacteria was the presence of strong urease activity. We detected this enzyme in Christensen medium without agar, as well as with our traditional medium derived from Ferguson medium (22) . However, this characteristic is not exclusive for "C. pyloridis." Campylobacter nitrofigilis can also hydrolyze urea (2, 15) , and we also found a "C. pyloridis" strain which did not have this characteristic.
Our protein profiles were different from those of Pearson et sulfate, but gave similar results such as seven major bands and a close profile from one strain to another.
"C. pyloridis" constitutes a relatively homogeneous species, as is noted by protein profile, enzymatic studies, and classical tolerance and biochemical tests. Its position in the genus Campylobacter is probable. One strain has been deposited at the Pasteur Institute Collection under the number CIP 101260.
